fistula, or in whom there have been multiple failed attempts, need an alternative form of long-term vascu-
Introduction
eight patients had chronic end-stage and two had acute renal failure. Catheters were inserted in patients awaiting the creation or maturation of an arteriovenous (AV ) fistula, or Definitive access for patients requiring haemodialysis patients in acute renal failure. Catheters were also inserted is ideally achieved by the use of an arteriovenous in patients in whom other forms of access were unavailable ( Brescia-Cimino) fistula in the arm [1 ] . At initial or had failed, where the duration of access was to be presentation, however, or while waiting for a fistula to indefinite and for as long as possible. mature, many patients urgently require short-term End-points of the study were catheter removal, death of a vascular access. In addition, some patients, who have patient or completion of the study period. The minimum no vessels suitable for creation of an arteriovenous follow-up period after catheter insertion was 18 months.
survival. Statistical analysis was performed using the logWith the slings controlling the IJV a longitudinal venotomy is made; the lower sling is relaxed and the catheter is passed rank test.
down the superior vena cava to the right atrium. The catheter is oriented in such a way that the venous lumen is medial to
The catheter the arterial. In the earlier part of this series a purse-string suture was used to close the IJV around the catheter. Due The catheter ( Figure 1 ) is a radio-opaque, soft silicone rubber to the occurrence of a catheter tip embolus (see catheter catheter, designed for right atrial placement via the central complications below), we now close the upper part of the veins and a subcutaneous tunnel. The standard catheter is venotomy with a continuous longitudinal 6/0 polypropylene 36 cm in length. A Dacron felt cuÂ is situated 19 cm from suture. Flow through the channels is then tested. If necessary the tip, serving to anchor the catheter in its tunnel by the the catheter position is adjusted to achieve satisfactory flows. ingrowth of fibrous tissue. In cross-section the catheter is The channels are flushed, primed with heparinized saline elliptical with external diameters of 5.9 mm×3.3 mm. There (155000) and sterile caps are fitted. The cervical incision is are two parallel lumens, each with an internal diameter of closed in layers. Sutures are placed to secure the catheter at 2 mm and priming volumes of 1.3 and 1.4 ml per lumen. The the exit site while adhesion of the Dacron cuÂ is awaited. A proximal (arterial ) lumen ends 2.5 cm from the tip to minim-postoperative chest X-ray is taken to confirm the position of ize recirculation. At the periphery of the catheter is a hub the catheter tip which should ideally lie just inside the from which the channels diverge, ending in colour-coded right atrium. Luer locks; brown for arterial (outflow) and blue for venous Catheter removal is also carried out in the operating (inflow). There is an attached clamp on each channel.
theatre with the patient in the Trendelenburg position. If the catheter has been in position for less than 2-4 weeks gentle traction may be all that is required to dislodge the Dacron
Catheter insertion
cuÂ. If more than minor resistance is encountered, a small incision is made over the cuÂ under local anaesthesia. The Catheter insertion took place in the operating theatre.
cuÂ is dissected free and the catheter is transected on its exit Throughout the study period, general anaesthesia was used side. The catheter is then removed in two pieces. Any on all but two occasions, where local anaesthesia was resistance to removal of the central part of the catheter at used. We now routinely use local anaesthesia, and would this stage suggests attachment of the catheter at the venotomy recommend this in most cases. Side of insertion was chosen site. Dissection in this area may be necessary to free the based on attempting to avoid using an extremity which had catheter. been involved in multiple previous venous access attempts.
For IJV insertion the patient is placed in the Trendelenburg position and a transverse incision is made in the root of the neck over the interval between the two heads of the sternoclei- The median duration of catheter survival was 105 days (range 3-1101). Overall catheter survival is shown in Figure 2 in which catheter failure only is considered. Patient death or removal of a catheter for any reason other than failure (e.g. maturation of an AV fistula or transplant), meant that those catheters were no longer available to the study and thus were not included in the total number of 'available catheters' from that time forward. At diÂerent points along the curve, therefore, the total number of a 'available catheters' may diÂer. The estimated catheter survival rates were 70% at 6 months, 45% at 1 year, 34% at 2 years and 34% at 3 years. Nine patients ( 18%) had functioning catheters for over a year. Catheter survival curves comparing sex and side of insertion are shown in Figure 3 . There was a significantly worse survival of catheters inserted in the left internal jugular vein of male patients than 
Patient outcome
patients were successfully managed with the catheter, though at the price of multiple procedures for some. Five patients died with functioning catheters during the study. No patient died from catheter-related Catheter complications complications.
Overall, 31 (62%) of 50 first catheterizations suc-Twenty-six catheters were removed for complications (42.6%) ( Table 1 ). The most common complication ceeded. Nine patients had a second catheterization, of which five (55.5%) succeeded. Two patients had a third was partial obstruction or inadequate flow leading to catheter removal (13 catheters; 21%). Radiography catheterization with success. Thus, 38 (76%) of the 50 demonstrated inadequate positioning to be the cause Discussion in the majority of these (eight of 13 ). Four catheters needed to be removed for complete obstruction i.e. The Quinton Permcath was first introduced in 1984 catheter thrombosis (6.6%) and a further two were and since that time it has been extensively used for removed due to the development of central venous short term [5] [6] [7] [8] [9] and occasionally for long term [5, 6, 10] thrombosis ( 3.3%). access for haemodialysis. The results presented in this Catheter infection was suspected because of unex-report (a median catheter survival of 105 days and an plained fever in nine patients. In three patients systemic estimated 2-year survival of 34%) compare favourably antibiotics avoided the need for catheter removal. The with results of other workers [5] [6] [7] [8] [10] [11] [12] . It is worthy other six catheters were removed, four of which had of note that 76% of the patients in this series were positive blood/catheter tip cultures. In one additional successfully managed using the catheter and that nine patient, tunnel infection with abscess formation patients ( 18%) had catheters functioning without comnecessitated catheter removal.
plications for over 1 year (Figure 2 ). Although we do Other complications which did not lead to catheter not recommend use of the catheter as a first choice in removal were intraoperative haemorrhage, postopera-patients requiring long-term access, in cases where tive haematoma, damage to the catheter structure, and other forms of access have failed, it should be considcatheter embolism (Table 1 ) .
ered as an important alternative. Others have observed Significant intraoperative haemorrhage requiring that some patients, particularly the elderly, often elect blood transfusion occurred in one case where control-to continue using the catheter indefinitely, as it is a ling slings could not be placed around the IJV during relatively painless form of access, without the need for catheter placement. Postoperatively, one patient with transcutaneous needle sticks [13] . Although most of thrombocytopenia developed a large haematoma in these catheters were placed under general anaesthesia, the cervical incision; this resolved with appropriate we now recommend their placement under local anaestreatment. Fracture of the catheter occurred four times, thesia wherever possible. at an average of 502 days after insertion (range Percutaneously placed subclavian catheters have 66-882). All were successfully repaired using the kit been used with acceptable results [6, 7] . However, there supplied by the manufacturers.
is a higher incidence of immediate local complications Catheter tip embolism occurred on one occasion such as haemothorax, pneumothorax, haematoma, and during elective catheter removal on the 70th day after nerve damage [7, 9, 11, 14 ] . Subclavian catheters have insertion. Following dissection of the cuÂ and removal also been associated with perforation of the superior of the peripheral part of the catheter, traction was vena cava [15, 16 ] and right atrium [17] . Because of applied to the remaining part. Moderate resistance was the more direct route to the heart and direct visualizaencountered at this stage and upon removal of the tion of the vessel, these complications occur less frecatheter part of the tip was noted to be missing. quently with catheters inserted by IJV cutdown [5, 11] . Exploration of the venotomy site revealed a small No such complications were encountered during the fragment caught in the purse-string suture which we course of this study. In addition, central venous thromroutinely used for venotomy closure until this time.
bosis and stenosis is a major problem with percutan-X-rays showed the remainder of the catheter tip eously placed subclavian catheters [2-4 ]. The venous ( 1.5 cm) to be lodged in the periphery of the right obstruction may remain subclinical until an arteriolung. The patient showed no adverse sequelae. The venous fistula or conduit is created. The resultant catheter tip was left in situ and the patient was given venous hypertension predisposes the new permanent antibiotics for 5 days. This patient has since had a access to early thrombosis and failure [2-4 ]. successful renal transplant and remained well 29 months after removal of her catheter.
Preoperative Doppler ultrasonography [2 ] or venogra-
